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@ Means for marine seismic exploration and method of operating such means. 

@ A means for generating seismic waves in marine seis- 
mic exploration operations comprises a plurality of groups 
of elongate floats (6, 7, 8) that are towed through the wa- 
ter and carry seismic sources. Each group includes a lead- 
ing float (6) with a rudder (14) and connecting means 
(11) for connecting the leading float to the towing vessel 
(3) by means of a flexible cable (10). Each leading float 
(6) may Include a steering mechanism for controlling the 
position of the rudder (14) and/or the connecting means 

^ (11). 
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MEANS FOR MARINE SEISMIC EXPLORATION AND METHOD OF OPERATING 

SUCH MEANS ^ 

The invention relates to a loeans for marine seismic explor- 
ation and to a method of operating such means. The invention 
relates in particular to a marine seismic exploration technique 
wherein a plurality of arrays of seismic sources and a plurality 
of hydrophones are displaced over a marine area to "be explored 
(such as by being towed by means of cables attached to a towing 
vessel) . The arrays are periodically activated to generate 
acoustic wave fronts and the acoustic waves are detected by the 
hydrophones after the refraction or reflection of the waves by 
the underground layers of the marine area. 

The above-referred technique is generally used at present, 
but undesired reflections from unknown sources are often found 
to interfere with the receipt of the seismic waves that are 
returned to the body of water overlying the formations that are 
being investigated. 

It has now been found that such undesired reflections 
originate from irregularities in md on the bottom of the body 
of water above the area that is being investigated, such as 
sand banks, differences in nature or composition of the near- 
surface layers of the bottom, and/or from obstacles such as 
wrecks on or in the bottom, and buoys floating on the water 
surface • 
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The object of the invention is to solve this problem of 
undesired reflections. 

The means according to the invention is characterized hy 
a towing vessel, a plurality of hydrophones attached to the tov- 
5 ing vessel hy means of a flexible cable, at least three groups 
of elongate floats interconnected by flexible cables , each float 
carrying an array of seismic sources, each group of floats in- 
cluding a leading float vith a nxdder, and the leading float being 
attached to the towing vessel by means of a. flexible towing 
10 cable extending between the vessel and a connecting means on 
the float. 

The method according to the present invention is charac- 
terized in that the position of each rudder, the position of each 
connecting means and the speed of the vessel passing along a pre- 

1^ determined path over a miarine area to be investigated is adjusted 
such that the flexible cables towing the leading floats are sub- 
ststntially above the water surface, and the groups of floats pass 
over separate paths parallel to the pre-determined path. The 
sources are periodically activated to form acoustic wave fronts, 

20 and acoustic waves aire detected by the hydrophones after re- 
flection or refraction of the waves by subsurface layers of the 
area being investigated. 

It is observed that the flexible cables that should be 
substantially over the water surface when carrying out the 

25 present method are above the water surface for about at least 
B0% of the length thereof. Best results, however, will be ob- 
tained if these cables are fully above the water surface, although 
they may be submerged locally from time to time by wave crests. 
In carrying out the present method, the seismic arrays wiH 

30 travel at sufficient lateral distances from the path followed 
by the towing vessel and the hydrophones (that are generally 
assCTibled to a so-called streamer) that the acoustic waves 
reflected from obstacles or irregularities on or in the sea 
bottom (or in the water) will be cancelled as will be esgplained 

35 hereinafter. 
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Each group of floats may consist of a single float. Also, 
each array of seismic sources carried hy a float may consist of 
a single seismic source. 

The minimum amount of groups is three, whereas the maximum 
5 amount is limited by the conditions that are to he met at sea. 
Generally good results vill he obtained when using between four 
and eight groups of floats. 

The invention will now be described by way of example in 
more detail with reference to the drawing, wherein: 
10 Figure 1 shows schematically a top view of a means ac- 

cording to the invention; 

Figure 2 shows schematically a side view of the means of 
Figure 1 taken in the direction of arrow II; 

Figure 3 shows schematically a top view of a leading float 
15 for use in the means according to the invention; 

Figure h shows schematically a side view of the float of 
Figure 3 taken in the direction of arrow IV; 

Figure 5 shows schematically a side view of the float of 
Figure U taken in the direction of arrow V in Figure ki 
20 Figure 6 shows schematically a steering mechanism for 

controlling the position of a rudder of a leading float; 

Figure 7 shows schematically a steering mechanism for 
controlling the position of a connecting means for a flexible 
cable attached to a leading float; 
25 Fig\ire 8 shows schematically a top view of another em- 

bodiment of the invention; 

Figure 9 shows schematically a side view of the embodiment 
of Figure 8, taken in the direction of arrow IX; and 

Figure 10 shows schematically a top view of still another 
30 embodiment of the invention. 

A streamer 1 (see Figures .1 and 2) carrying a plurality of 
hydrophones (not shown) is towed by means of a flexible cable 2 
by a towing vessel 3. The cable 2 comprises the required 
electrical leads (not shown) for transmission of electric 
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signals that are emitted "by the hydrophones vhen perceiving 
acoustic waves. The streamer on "being towed through the water k 
over a marine area to he investigated obtains a configuration 
such that the hydrophones carried thereby are arranged on a 
substantially straight line. 

The streamer t may be provided with eguipnient kncrwn per se, 
such as electronic signal anrplifiers, control equipment for 
controlling the towing depth » and means for controlling the 
course of the streamer. 

The towing vessel 3 further tows six groups 5 of elongate 
floats 6, 7 and 8, each float carrying an array 9 of seismic 
sources. In the example shown in Figures 1 and 2 of the drawings, 
each seismic source consists of an air gun Imown per se. 

Float 6 of each group of floats is a leading float con- 
nected by means of a flexible cable 10 (such as a steel cable, 
a nylon rope or suitable flexible means adapted to transfer a 
tensional load) to the towing vessel 3* Each cable 10 is 
attached to the float 6 co-operating therewith at a connecting 
means 11 mounted on the float. Further, flexible cables 12 and 
13 interconnect each pair of floats 6, 7» and each pair of floats 
7, 8, respectively, of each group 5^ in such a manner that each 
of the floats 7 and 8 follows the leading float 6 of the 
relevant group when this float 6 is towed through the water by 
the -vessel 3* 

The cables 10, 12 and 13 have high-pressure conduits in- 
corporated therein for supplying high-pressure fluid to the 
air guns. Further, the cables include electrical leads for the 
transmission of signals. 

Apart from the connecting means 11, each leading float is 
provided with a. rudder that can be set in a position such 
that on towing the float 6 through the water by means of the 
cable 10, this float will follow a path that is parallel to the 
path followed by the towing vessel 3. 
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The position of the rudder lU of a float 6 (that is the angle 
at which the plane of the rudder lU is set with respect to the 
float -body), and the position of the connecting means 11 of the 
float 6, as well as the speed of the towing vessel 3 are ad- 
5 justed such that each towing cable 10 interconnecting the vessel 
3 and a float 6 is suhstantially ahove the surface of the 
water h. 

Since the cahles 10 are above the water, no drag forces 
are exerted thereon hy the water, as a result whereof the two 
10 outer groups '? of the groups of floats will he positioned at 
a considerable lateral distance (say between 10 and 250 metres) 
from the path followed by the vessel 3. The other groups 5 that 
are situated between the outer groups of floats are arranged 
at equal distances frcm each other, and as a result of the 
15 relatively wide spacing between the groups 5, acoustic waves 
of the wave fronts generated by the seismic arrays carried by 
the groups of floats will cancel each other in horizontal or 
substantially horizontal planes, whereby reflections of waves 
hitting an obstacle 15 that is present on or in the bottom of 
20 the water 1+ will have a small amplitude. The influence of such 
reflections (that may also result from sand banks, buoys, etc.) 
on the seismic record ilaade of the reflections resulting from 
subsurface layers of the marine area being investigated will 
. be considerably decreased. The seismic record is obtained in 
25 a manner known per se by means of the hydrophones in the streamer 
1 and further suitable equipment such as electric aurplif iers , 
filters and recorders (not shown since known per se) and the 
electric leads of the flexible cable 2. 

Elongate floats of any design suitable for the purpose may 
30 be used in the application of the invention. The floats T and 8 
may be of a design equal to the design of the leading floats 6 
apart from the rudder and the adjustable connecting means 11. 
However, the floats 7 and 8 may be provided with rudders or fins 
for trimming purposes. 
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A suitable design of a leading float 20 is shovn in Figiires 
3, h and 5 of the draving. The float is of the catamaran type, 
and consists of tvo elongate huoyancy cylinders 21 and 22 made 
of a suitable material (such as metal or synthetic material) 
that are interconnected by a frame 23, the lower part of the 
frame being adapted for supporting a plujrality of seismic 
sources 2k forming a seismic array. 

A housing 25 is positioned on top of the frame 23 betveen 
the cylinders 21 and 22. A stearing mechanism of known design 
is housed in the housing 25, the mechanism being operatively 
connected with a rudder 26. The steering mechanism can be 
operated to adjust the position of the rudder 26 at a desired 
angle and either kegjthe rudder in this position, or readjust 
it (see arrows A) by command signals to another angle. These 
command signals are transmitted from the towing vessel to the 
housing 25 either via electric leads in the cable 27 connecting 
the float 20 to a towing vessel (not shown) or in the form of 
radio waves. 

•Figure 6 schematically shows by way of example a steering 
mechanism for adjusting the position of the rudder 26, the 
mechanism consisting of an electric motor 28, and gear wheels 
29, for activating the shaft 30 to which the rudder 26 is 
connected. The signals to activate the motor 28 are supplied 
via «iQ electric cable 31. 

The towing cable 27 (see Figures 3 and k) is attached to 
connecting means 32 on the frame 23 of the float 20, which 
connecting means 32 are adjustable for steering puiposes, such 
that the location thereof can be displaced over a certain 
distance along the longitudinal axis of the float 20. In the 
example shown, the connecting means 32 is arranged to be dis- 
placeable (see arrows B) in a direction parallel to the 
longitudinal axis of the float 20. The invention, however, is 
not limited hereto. If desired, the track along which the means 
32 is displaceable may have any desired configuration s^litable 
for the purpose. 
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Figixre 7 schematically shows "by vay of example a steering 
mechanism for the adjustment of the connecting means 32 along 
a straigjit track. The electromotor 33, which is controlled by 
command signals that are supplied thereto via the electric 
cahle Sh^ activates a rotatable screw element 35 co-operating 
with a nut 36 that is secured against rotation. The nut 36 
carries the connecting means 32 and by activating the motor 33, 
the position of the coimecting means 32 can be adjusted over a 
pre-determined distance parallel to the longitudinal axis of 
the float. The steering mechanism for adjusting the connecting 
means 32 is enclosed in a housing 37 mounted on the frame 23 
of the floats s 

The float 20 shown in Figures 3-5 further comprises eyes 
or hooks 38 for connecting cables 39 thereto, which cables are 
attached to a float (not shown) following the leading float in 
a particular group. 

It will be appreciated that when towing the float 20 of 
Figures 3-5 through the water by means of the towing cable 27, 
the angle C (see Figure 3) between the cable and the lon©.tudinal 
axis of the vessel ko should be adjusted to a desired value in 
order to adjust the lateral distance between the path of this 
float and the path followed by the towing vessel and the 
streamer towed thereby. Adjusting the position of the rudder 26 
and/or the position of the connecting means 32 allows the oper- 
ator to obtain the desired angle C at a speed of the towing 
vessel that is suitable for carrying out the required seismic 
operations. The speed of the vessel should be sufficient to 
keep the cable 27 sufficiently taut to prevent it from being 
submerged in the water during the seismic operations, since 
this woiad exercise a drag on the cable 27. As a result thereof, 
the value of the angle C of each cable would be reduced to an 
undesired small degree, at which all the leading floats of the 
various groups of floats would come too close to each other, 
thereby increeising the acoustic energy emanated in horizontal 
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directions by the seismic arrays. As a result thereof , the 
amplitude of the reflections of acoustic vaves that have hit 
obstacles or obstznictions in the body of water on or in the 
bottom of said body of water would increase and interfere to an 
undesirable degree with the reflections originating from the 
subsurface layers of the area being investigated. 

It will be appreciated that apart from the adjustable 
rudder, each leading floa-t may be provided with one or more 
fixed rudders or fins used f or triirsming purposes in horizontal . 
and/or vertical directions of the float when in operation. 

Figures 9 and 10 show a means according to the invention, 
wherein each group of floats consists of a single float Ul 
only. Each float carries a seismic array h2 consisting of four 
seismic sources. The streamer 1^3 carrying the hydrophones is 
towed by means of a towing cable kk attached to the float UlC 
that follows the path of the towing vessel U5. The towing 
cables U6 are attached to the floats at such locations and the 
rudders kj of the floats are thus adjusted that at the various 
paid-out lengths of the cables 1^6, the cables h6 are above the 
water surface and the floats A-E are at substantially equal 
distances from each other and arranged in a row that is sub- 
stantially perpendicular to the longitudinal axis of the 
streamer h2» 

On simultaneous activation of the seismic arrays shown in 
Figures 8 and 9, the acoustic waves generated by the seismic 
sources appear to emanate from a line source at least in so far 
the wave £ront travels through the body of water. Those waves 
reflected by obstacles or obstructions that are located sideways 
of the paths over which the seismic arrays are being displaced, 
will consequently have a relatively small amplitude, and will 
when reflected by said obstacles or obstructions and detected by 
the streamer U3 generate signals having a negligibly small value 
with respect to the anrplitudes of the waves that have been 
reflected by subsurface layers of the marine area that is being 
investigated. 
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When activating the arrays h2 in a sequence with small time 
intervals, the wave front generated thereby will differ from a 
cylindrical front. By activating the arrays from one side of the 
row to the other side, a conical wave front will he generated. 

Finally, Figure 10 shows a configuration of floats con- 
sisting of six rows consisting each of two floats 50, 51 » the 
rows "being arranged in a V-form and "being towed by means of a 
towing vessel 52 via flexible cables 53. The vessel 52 further 
tows a streamer 5U by means of a flexible cable 55- 

it will be appreciated that many other configurations of 
the floats carrying the seismic arrays may be used, provided 
that the floats follow paths that axe located at some 
distance parallel to the path followed by the towing vessel. 
The boundary of an area covered by a plurality of floats that 
are towed through the water in a maimer according to the in- 
vention is shown in Figure 10. The width W of the area may be 
between 20 euid kOO metres, whereas the length L is at least 
equal to the length of a single float. When applying rows of 
floats consisting of more than one float per row, the length L 
will be larger, say up to UOO metres. 

The length of the streamer is generally between 75 and 
1000 metres and the distance between the leading end of the 
streamer and the foremost leading float of the float con- 
figuration is generally between 0 and 500 metres* 

The length of the cables towing the leading floats should 
be chosen as short as possible to prevent extr^e sagging of 
the cables. It will be appreciated that the length thereof 
will have to be increased at increasing values of the width W 
of the float configuration to prevent excessive tension in the 
cables towing the outer leading floats of the float con- 
figtiration. 

It will be appreciated that the application of the in- 
vention is not restricted to the number of groxips of floats used. 
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provided that this numher is at least three, and the amoiint of 
groups is not so large that the system hecomes inoperable. The 
same applies for the amoiant cf floats used in each group. 

Further, the amount of floats used in the various groups 
5 may be different from each other. The configuration of the 
floats may be symmetric or asymmetric with respect to the path 
to be followed by the towing vessel. 

Any amount and configuration of seismic sources that is 
aiitable for the piarpose may be applied. The same applies for 

10 the type of seismic source used. 

If desiredj the width W of the configuration of arrays may 
be increased by applying more than one vessel towing a pltirality 
of groups of floats. The vessels should then be operated such 
that the floats towed thereby form a single array configuration. 

15 More than one streamer may be used for receiving the wave 

reflections returning from the area being investigated. The 
streamers may be towed in side-relationship, or one behind the 
other, or in any other configuration suitable for the purpose. 
The flexible cables that are used for pulling the float 

20 and the streamer through the water may be connected to the 
towing vessel in any majiner suitable for the purpose, such 
as by means of rotatable cable d3rums. Fluid conduits and/or 
electric conduits are incorporated therein for supplying the 
required energy to the seismic source. Further , electric 

25 leads may be incorporated therein for the transmission of 
signals between the vessel and the groups of floats. 

It will be appreciated that the position of the groups of 
elongate floats may be controlled manually by a supervisor who 
adjusts - by remote control - the position of the various 

30 3nidders and/or the position of the connecting means of the 

leading floats and/or the lengths of the flexible towing cables 
in such a manner that the groups of floats pass along the 
desired tracks. In an alternative manner, however, the position 
of the floats may be controlled automatically by continuously 

35 monitoring of the float positions and continuously adjusting 
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the position of the mdders and/or the position of the 
connecting means and/or the lengths of the towing cahles of 
the leading floats. Such automatic control may he performed 
hy a three part system comprising; 
5 a) a monitor system identifying and computing the 

location of each of the (leading) floats with respect to 
the towing vessel. Such system may, for example, include a 
radar transmitter-detector on hoard of the towing vessel and 
radar reflectors on the (leading) floats whereby distances 

10 and hearings of the groups of floats can he continuously (or 
periodically) measured. In an alternative arrangement, such a 
system may include underwater high frequency sound trans- 
mission means for obtaining the required data on distances 
and hearings of the groups of floats. 

15 h) a comparator system wherehy the hearing and distance 

for each (leading) float is predetermined for a desired array 
configuration. These data are placed in an electronic or 
other memory in order to he compared during the seismic oper- 
ation with the actual hearings and distances that are meastired 

20 hy the monitor system. 

c) a guidance system for supplying signals to the 
operating means of the rudders and/or of the connecting means 
of the leading floats and/or of the drums on which the towing 
cahles are wound, and/or of the means for controlling the 

25 speed ajid/or the course of the towing vessel to introduce 
corrections to return the leading floats to the desired 
position and course. 

If desired, the system may he programmed to enable 
automatic turning and/or manoeuvring of the towing vessel 

30 without tangling up the groups of floats and/or the streamer. 
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The performance of the individual sources carried hy the 
floats may he monitored and recorded. If one or more of the 
sources has or have not been performing correctly in operational 
use, compensational measures may later on be taken during the 
processing of the recorded signals to correct the results of 
such malfunctioning, these measures being based on the data 
gathered during operation of the seismic means. 
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CLAIMS 

1 . A means for seismic exploration characterized by a towing 
vessel, a plurality of hydrophones attached to the toving vessel 
"by means of a flexible cable, and at least three groups of 
elongate floats interconnected by flexible cables , each float 
carrying an array of seismic sources, each group of floats 
including a leading float with a rudder, and the leading float 
being attached to the towing vessel by means of a flexible towing 
cable extending between the vessel and a connecting means on the 
float . 

2. The means as claimed in claim 1, characterized in that the 
leading float of each group of floats comprises a steering 
mechanism. 

3. The means as claimed in claim 2, characterized in that the 
steering mechanism co-operates with the rudder to control the 
position of the rudder. 

U. The means as claimed in claim 2, characterized in that the 
steering mechanism co-operates with the connecting means to 
control the position of this means with respect to the float. 

5. The means as claimed in any one of the claims charac- 
terized in that each group of floats . consists of the leading 
float only. 

6. The means as claimed in any one of the claims 1-5 » charac- 
terized in that each float carries a single seismic source • 

7. The means as claimed in any one of the claims 1-6, character- 
ized in that said means comprises between four and eight groups 
of elongate floats. 
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8. A mettiod of operating the means as claimed in any one of 
the claims 1-7j characterized in that the position of each 
rudder, the position of each connecting means and the speed of 
the vessel passing along a pre-det ermine d path over a marine 
5 area to be investigated are adjusted such that the flexible 
cables towing the leading floats are substantially above the 
vater surface, and the groups of floats pass over separate 
paths parallel to the pre-det ermined path, the sources are 
periodically activated to form acoustic vave fronts, and 
10 acoustic waves are detected by the hydrophones after re- 
flection or refraction of the waves by subsurface layers of 
the area being investigated. 

9* The method as claimed in claim 8^ in combination with 
claim 3 or ^, characterized in that the steering mechanism of 
1^ at least one of the leading floats is operated during the 

towing procedure to vary the lateral distance between at least 
two of the parallel paths. 
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